Chicken blood was obtained from adult chickens (6 weeks) according to the research protocol with number CEEAH 597 approved by the Ethics Committee on Animal and Human Research of the Universitat Autònoma de Barcelona. The blood was collected in tubes containing heparin and kept on ice. For purification, 1/10 volume of NKM buffer (130 mM NaCl, 5.2 mM KCl, 7.5 mM MgCl 2 , 0.4 mM PMSF) were added to the blood and the mixture was centrifuged for 15 minutes at 2500 xg at 4 °C. The supernatant, containing the plasma, was discarded, and the layer of leucocytes was removed. This step was repeated until the complete cleaning of the pellet. Pellets were stored at -80 °C.
Cell culture conditions, cell nuclei purification and preparation of chromatin samples from human embryonic kidney cells
Human embryonic kidney cells (HEK) FreeStyle TM -293-F (Life technologies) were grown in suspension in FreeStyle TM Expression Medium (Life technologies) at 37 °C with 8% CO 2 at 125 rpm in an orbital shaker for 2-3 days until they reached a cell density of 1-3x10 6 cells/mL. At this point cells were harvested by centrifugation for 10 min at 2000 xg at 4 °C. Cell nuclei were purified as described above but with lower amounts of sucrose in buffer E1 and E2, 0.15 M and 0.5M sucrose, respectively. In this case, the centrifugation through the sucrose cushion was performed for 30 min at 2000 xg at 4 °C. Chromatin samples were prepared as described for chicken erythrocyte nuclei with the micrococcal nuclease digestion carried out in 1 mM CaCl 2 and 1U of enzyme for 100 µg of DNA.
Radioactive phosphorylation reaction
A radioactive CDK2 phosphorylation assay was performed with 10 μCi γ-32 P ATP, 3000-1500 Ci/mmol were added per 100μL of the standard phosphorylation reaction in the presence or absence of the kinase. After incubation at 30 °C, the aliquots taken at different times were mixed 1:6 (v/v) with SDS-PAGE loading buffer (50mMTris pH 6.8, 0.1% bromophenol blue, 2% SDS, 10% glycerol), heated for 5 min at 95 °C, and analyzed with 15% SDS-PAGE. The gel was stained with Coomassie-Blue. Afterwards, the gel was exposed in an Imagining Screen BioRad plates and an autoradiograph was obtained in a Personal Molecular Imager (BioRad) (Supplementary Figure S1 ).
High-performance capillary electrophoresis (HPCE)
HPCE was carried out in order to resolve and identify the different linker histone subtypes present in the samples and for qualitative identification of phosphorylation. HPCE was performed on a P/ACE™ MDQ Capillary Electrophoresis System (Beckman Instruments). The capillary cartridge was fitted with a 75 µm ID fused silica with a total length of 50 cm to the detector. Protein samples (1 µg/µL) were injected under pressure for 5 s, and detection was performed by measuring UV absorption at 200 nm. An untreated capillary was used in all of the experiments. The running buffer consisted of 500 mM H 3 PO 4 plus 0.02% HPMC, the pH was adjusted with TEA to pH 2.0 and filtered through a 0.45 µm filter before use. All runs were performed at a constant voltage (12 kV) and at a capillary temperature of 25 °C (32).
Reversed-phase high-performance liquid chromatography (RP-HPLC)
RP-HPLC was used for initial fractionation of histones H1 and H5 after acid extraction. Fractionation of histone variants H5 and H1s was performed on a Nucleosil 300-5 C 4 column (10 × 4 mm inner diameter; 5-μm particle; 30-nm; end-capped; Macherey-Nagel). The lyophilized proteins were dissolved in water (1 µg/µL), and the appropriate amount of sample (20 µg-100 µg) was injected into the column using a 127 Solvent Module and a 166 UV-visible region detector (Beckman Instruments). The effluent was monitored at 210 nm, and the peaks were recorded using Beckman System Gold software. Histone H1/H5 fractions from chicken erythrocyte samples were separated by chromatography within 25 min at a constant flow of 0.5 ml/min with a linear acetonitrile gradient. The starting conditions were 62:38 of solvent A (water plus 0.1% trifluoroacetic acid (TFA)): solvent B (70% acetonitrile plus 0.1% TFA). The concentration of solvent B was increased from 38% to 50% over a period of 25 min. To each collected fraction, 5μL of EtSH 200 mM were added before lyophilization (53) .
Enzymatic cleavage
Chymotrypsin digestion. Five μg of each histone fraction, H1 or H5, obtained by RP-HPLC, of the different samples were digested with α-chymotrypsin (Sigma type I-S, 1/150 (w/w)) in the presence of 100 mM sodium acetate buffer (pH 5.0). The reaction was performed for 30 min at room-temperature in a final volume of 20 μL. The cleavage products were verified by HPCE analysis and, afterwards, the phosphorylation level was analyzed by MALDI-TOF. Arg-C digestion. Five μg of the chicken H5 fraction obtained by RP-HPLC were digested with Arg-C (EC 3.4.21.1) (sequencing grade, 1:40, w/w; Roche Applied Science) in the presence of 5 mM NH 4 HCO 3 buffer (pH 8.0) for 5 min at 37 °C in a final volume of 20 µL. The cleavage products were verified by HPCE analysis and then analyzed by nanoLC-ESI-MS for MS/MS sequencing. Trypsin digestion. Five μg of the chicken H1 fraction obtained by RP-HPLC were digested with trypsin (sequencing grade, 1:100, w/w; Roche Applied Science) in the presence of 5 mM NH4HCO3 buffer (pH 8.0) for 15 min at room-temperature in a final volume of 20 μL. The cleavage products were verified by HPCE analysis and then analyzed by nanoLC-ESI-MS for MS/MS sequencing.
MALDI-TOF mass spectrometry
Matrix-assisted laser-desorption ionization coupled with time-of-flight mass-spectrometry (MALDI-TOF-MS) was used to determine the incorporation of phosphate groups, in α-chymotrypsin cleaved H1 and H5, after phosphorylation. Mass spectrometric measurements were performed on a 4800 Plus MALDI TOF/TOF Analyzer instrument (Applied Biosystems, Foster City, CA) using the 4000 Series Explorer Software V3.6 for data acquisition and processing. Sample preparations were purified with PerfectPure C-18 Tips (Eppendorf) before MALDI-MS analysis. Samples were measured in the mid-mass range (4.0 kDa-25 kDa) and the experimental data were compared with the theoretical values of peptide masses obtained by in silico cleavage with α-chymotrypsin (PeptideCutter and PeptideMass, Expasy Tools Proteomics Software).
MS/MS sequencing: LC-ESI-MS
Arg-C cleavage of histone H5 and trypsin cleavage of histone H1 were analyzed using an UltiMate 3000 nano-HPLC system (Dionex, Germering, Germany) connected online to a linear ion-trap mass spectrometer (LTQ Orbitrap XL; ThermoScientific) equipped with a nanospray ionization source for MS/MS sequencing and PTMs mapping. A homemade, fritless fused silica microcapillary column (75 µm i.d. x 280 µm o.d.) packed with 10 cm of 3 µm reverse-phase C18 material (Reprosil) was used. The gradient (solvent A: 0.1% formic acid; solvent B: 0.1% formic acid in 85% acetonitrile) started at 4% B. The concentration of solvent B was increased linearly from 4% to 40% over 35 min and from 40% to 100% for 5 min. A flow rate of 250 nL/min was applied. The LTQ Orbitrap XL mass spectrometer was operating in a data-dependent mode to switch between MS and MS² and MS³ acquisition. Survey full scan MS spectra (from m/z 250 -1800) were acquired in the Orbitrap with a resolution of R = 60,000 (FTMS). Up to three of the most intense ions detected in the full scan MS were isolated and fragmented in the linear ion trap (LTQ) using collision-induced dissociation (CID). A lock-mass ion from ambient air (m/z = 445.12002) was used for internal calibration. An activation time of 30 ms was applied in MS/MS acquisitions. Normalized collision energy was set at 35%. The ion selection threshold was 1000 counts, with an activation q of 0.25. The nanospray voltage was set at 2.0 kV, and the heated capillary was kept at 200 °C. Single-charged ions were excluded from MS/MS. A neutral loss of 49, 32.66 or 24.5 detected in one of the three most intense ions in MS² was decisive for a MS³, which was performed to reaffirm the peptide sequence. Dynamic exclusion was enabled with a repeat count of two over duration of 3 s and an exclusion window of 30 s.
Database search
MS/MS (MS2) and MS3 spectra were searched against a chicken database (ipi.CHICK. v3.81.fasta; 25 992 entries) via SEQUEST, Proteome Discoverer software (Version 1.4, ThermoScientific) and validated manually. Database search criteria were set as follows: Processing MSn: allowed cleavage sites, Lys and Arg for H1 for H5; maximum miss cleavage sites, 4; precursor tolerance 10 ppm; fragment mass tolerance, 0.6 Da. The variable modifications considered were acetylation (+42.011) at Lys and N-terminus, oxidation (+15.995) at Met, phosphorylation (+79.966) at Ser, Thr and Tyr, formylation (+27.995) at Lys, monomethylation (+14.016), dimethylation (+28.031) at Lys and Arg and trimethylation (+42.047) at Lys. All data were filtered to satisfy a false discovery rate (FDR) of 1% or better. Phosphosites were localized at a false localization rate (FLR) of less than 5% using the phosphoRS site probability ≥ 0.95.
Transmission Electron Microscopy (TEM)
Samples of soluble chromatin and phosphorylated chromatin for one hour, five hours and overnight were diluted to a final concentration of 2μg/mL in 5mM TEA 35mM NaCl plus 1mM MgCl 2 and fixed with 0.1% glutaraldehyde for 30 min at 4 °C. Carbon-coated grids were activated by glow-discharge for 1 min. Samples were negatively stained with 0.2% uranyl acetate and visualized in a JEM-1400 TEM microscope.
Sample preparation for infrared spectroscopy.
Chromatin samples were prepared as described earlier in this section, but in this case the nuclei were resuspended in half the original volume with Tris pH 8.0, reconstituted with D 2 O, and incubated on ice for 30 min to allow for cellular lysis. The phosphorylation reaction was performed exactly as described in the Experimental Procedures section, but with the phosphorylation buffer, ATP and the cocktail of protease inhibitors reconstituted with D 2 O. Samples with and without CDK2 were incubated at 30 °C. Aliquots were taken after 1h, 5h and overnight incubation. The buffer of the chromatin samples was exchanged to 10 mM Tris pH 8.0, plus 35 mM NaCl and 1.6 mM MgCl 2 reconstituted with D 2 O using a microspin S-200 HR column (GE Healthcare). Prior to FTIR measurements, the concentration of the samples was adjusted to 2 mg/mL. Nuclease accessibility assay β-globin and rhodopsin genes were amplified by qPCR in the phosphorylated, unphosphorylated and initial chromatin samples. The forward and reverse primers used for both genes are shown in Supplementary Table 1 . For both primer sets, the efficiencies, calculated with serial dilutions of genomic DNA, were > 97%. Primer specificity was determined in silico with PrimerBlast and experimentally with a melting curve at the end of each experiment. The reaction mixture contained 18 ng of genomic DNA, 0.5 µM of each primer and EpiQ chromatin SYBR supermix (BioRad) in a final volume of 20 µL. The cycle parameters were as follows: one cycle of 96 °C for 5 min, 40 cycles of 96 °C for 15 s, 66 °C for one min and 80 °C for 30 s, followed by the melting curve (70 °C-96 °C). No-template controls for each gene were included in every assay. Each sample was analyzed in triplicate. Mean Ct (Threshold cycle) values and the corresponding standard deviation (SD) were calculated. Triplicates with SD > 0.25 were rejected. To estimate chromatin accessibility, ΔCt was calculated using the Ct value of the undigested soluble chromatin as reference. SD corresponding to each ΔCt was calculated from the standard deviation of the sample and reference values with the equation SD ΔCt = [(SD sample ) 2 + (SD reference ) 2 ] 1/2 . Fold decrements in template availability for each gene and reaction time were calculated as 2 ΔCt .
Laser diffraction
Laser light-scattering measurements were carried out in a Mastersizer 2000 particle analyzer (Malvern Instruments, UK). Samples of phosphorylated and unphosphorylated chromatin, previously analyzed by DLS, were measured in a final volume of 18 mL-20mL of Tris 10 mM pH 7.0, 35 mM NaCl, 1.6 mM MgCl 2 . The optical parameters were set as follows: refractive index Supplementary Table S1 Nucleotide sequence of the primers used to amplify the β-globin (β-glo) and rhodopsin (Rho) genes from chicken erythrocyte chromatin by qPCR.
Supplementary Tables
Primer Nucleotide sequence (5'-> 3') Amplicon length β-glo-F CAGCCACACGCTACCCTCCAACCGC β-glo-R AGCTGAGCCGATGCCCGAAGCTGGA
bp
Rho-F GCCCTGGAAGTTCTCGGCGCTGGCT Rho-R TCGGCGACCGCCAGGTTCAGGAGGA 150 bp F, Foward primer; R, Reverse primer. The GenBank sequences for primer design with Primer3Plus were NC_006088.3 for the β-globin gene and NC_006099 for the rhodopsin gene.
Supplementary Table S2
Analysis of the C-terminal domain of H5 histone after cleavage with α-chymotrypsin by MALDI-TOF. 2 Data shown corresponds to the average three measurements. Each measurement is obtained from 12-15 cumulant scans of ach sample. The polydispersity index was below 0.5 in all samples. Standard deviation is indicated for the hydrodynamic diameters. Measurements were performed at RT at a final concentration of chromatin of 0.2mg/ml in Tris 10mM pH 7.0, NaCl 35mM and 1.6 mM MgCl 2 .
Chromatin sample

